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2888Objective: To determine the impact of the degree of hypothermia on surgical outcomes in patients undergoing
repair of acute type A aortic dissection.
Methods: Between 1990 and 2010, 211 consecutive patients underwent surgical repair of type A aortic
syndrome. Patients with acute type A dissection (n ¼ 128) were included. Circulatory arrest with profound
hypothermia (PH;<20C) was used in 75 patients (58.6%) and circulatory arrest with moderate hypothermia
(MH; 22-28C) in 53 patients (41.4%). Subacute or chronic dissections, intramural hematoma and penetrating
aortic ulcers were excluded.
Results: Preoperative acute kidney injury was higher in the PH group (18.9% vs 5.3%, P ¼ .01). Axillary or
direct aortic cannulation was more prevalent in the MH group (33.9% vs 11.1%, P ¼ .01). The duration of cir-
culatory arrest was 25.9  14.3 and 28.9  19.9 minutes in the MH and PH groups, respectively (P ¼ .3). The
composite outcome of mortality, low cardiac output syndrome or stroke was higher in the PH group (52.8% vs
24%, P< .001). Cardiopulmonary bypass time and blood transfusion were significantly higher in the PH
group (P ¼ .04). By multivariable analysis (C ¼ 0.80), PH (odds ratio [OR], 7.6; 95% confidence interval
[CI], 3.0-21.1) and preoperative shock (OR, 3.5; 95% CI, 1.3-10.1) were independent predictors of the compos-
ite outcome.
Conclusions: MH was independently associated with a lower risk of a composite outcome of mortality and
major adverse cardiac and cerebrovascular events during repair of acute type A dissection. Use of moderate
hypothermic circulatory arrest avoids the detrimental effects of PH without an increase in the risk of neurologic
injury in this study. (J Thorac Cardiovasc Surg 2014;148:2888-94)See related commentary on pages 2894-5.Surgical repair of acute type A aortic dissection (AAD) is
associated with a high perioperative mortality, ranging
from 8% to 25%.1-3 Recent data from the International
Registry of Acute Aortic Dissection (IRAD) reported an
overall mortality of 25%.3
Deep hypothermic circulatory arrest (DHCA) has been
widely used with or without adjunctive cerebral perfusion
and is considered by many experts to be the standard of
care for surgical repair of AAD.4-9 However, because of
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The Journal of Thoracic and Cardiovascular Surcardiopulmonary bypass (CPB) usually associated with
profound hypothermia (PH), there has been increasing
interest in performing aortic arch surgery using warmer
temperatures with selective antegrade cerebral perfusion
(SACP).10-13
Avoiding PH is associated with a reduction in CPB times,
postoperative bleeding, blood transfusion, endothelial
dysfunction, neuronal apoptosis, and postoperative pulmo-
nary complications.14-18
Studies in animal models showed that brain oxygen con-
sumption decreases by 50% of baseline at 28C of core
temperature. Further cooling does not decrease brain
oxygen consumption efficiently.19 Moreover, profound
hypothermia induces vasoconstriction and decreases the
regional cerebral blood flow under SACP compared with
mild or moderate degrees of hypothermia.20
Although several reports have shown the safety of mod-
erate and profound hypothermic circulatory arrest with
SACP in repair of AAD,4-16 to our knowledge, there have
been no studies directly comparing moderate hypothermic
circulatory arrest (MH) with profound hypothermic
circulatory arrest (PH) in repair of AAD while accounting
for the confounding effect of comorbidities, cannulation
techniques, adjunctive cerebral perfusion strategies, and
other confounders.gery c December 2014
Abbreviations and Acronyms
AAD ¼ A aortic dissection
CA ¼ circulatory arrest
CPB ¼ cardiopulmonary bypass
DHCA ¼ deep hypothermic circulatory arrest
ICU ¼ intensive care unit
IRAD ¼ International Registry of Acute Aortic
Dissection
LCOS ¼ low cardiac output syndrome
MACCE ¼ major adverse cardiac and
cerebrovascular events
MH ¼ moderate hypothermia
PH ¼ profound hypothermia
SACP ¼ selective antegrade cerebral perfusion
Algarni et al Acquired Cardiovascular DiseaseIn our unit, there has been a gradual shift toward MH for
repair of AAD over the past 2 decades. The purpose of this
study was to compare clinical outcomes in patients who
underwent repair of AAD under circulatory arrest using
PH versus MH.A
C
DMETHODS
Patient Data
Clinical, operative, and outcome data were collected prospectively for
all consecutive patients with type A dissection between 1990 and 2010
(n ¼ 211) at a single institution (Toronto, Canada). To have a homogenous
population, we only included patients with acute AADs (n¼ 128). Patients
with subacute and chronic typeA dissections, intramural hematomas, pene-
trating aortic ulcers, and traumatic aortic transection were excluded
(n ¼ 83). The patient population was divided into profound hypothermia
(PH; n¼ 53, 41.4%) and moderate hypothermia (MH; n¼ 75, 58.6%) co-
horts. PH was defined as circulatory arrest at a temperature less than 20C
(mean temperature 18 0.5C) andMH as a temperature of 22 to 28C (24
 1.8C). In the MH group, 2 patients (2.7%) were not within the 22 to
28C range. The lowest temperature was 21C in one patient and 30C
in the other patient. This study was approved by our Institutional Research
Ethics Board and individual consents were waived.
The primary outcome was a composite outcome of major adverse car-
diac and cerebrovascular events (MACCE) defined as death, stroke, or
low cardiac output syndrome (LCOS) during the index hospitalization.
LCOS was included in the composite end point because in our study,
LCOS was associated with high mortality and morbidity (unadjusted mor-
tality>40% in this cohort). A composite end point was used to increase the
power of the study because the sample size was limited.
Myocardial infarction was not included in the MACCE composite
outcome because it was not well defined in our database. Our database
defined perioperative myocardial infarction as new Q waves on the electro-
cardiogram after surgery but we did not have complete data on myocardial
infarction biomarkers.
LCOS was diagnosed if the patient required an intra-aortic balloon
pump in the operating room (to be weaned from CPB) or in the intensive
care unit because of hemodynamic compromise. LCOSwas also diagnosed
if the patient required inotropic support (dopamine, dobutamine, milrinone,
or epinephrine) to maintain a systolic blood pressure greater than 90 mm
Hg and cardiac index greater than 2.2 L/min/m2 in the intensive care
unit, after optimizing preload and afterload and correction of all electrolyte
and blood gas abnormalities. Patients who required a renal dose ofThe Journal of Thoracic and Cardopamine (3 mg/kg) were not considered to have LCOS. Patients who
received vasoconstrictingmedications to increase peripheral vascular resis-
tance in the presence of normal or high cardiac outputs (2.5 L/min/m2)
were also not considered to have LCOS.
Anesthetic and Operative Management
Arterial cannulation was initiated by exposing the right or left femoral
artery, right axillary artery, or directly through the aortic arch, the latter
generally only in patients with DeBakey type II dissections. Right axillary
cannulation was performed with an 8-mm Dacron graft sewn in an end-to-
side fashion to the axillary artery using a running 6-0 polypropylene suture.
The graft was cannulated with a 22-Fr arterial cannula (Medtronic Inc,
Minneapolis, Minn) or, using a connector, directly to the arterial line.
Venous cannulation was performed with a dual stage venous cannula
through the right atrial appendage. CPB and systemic cooling were initi-
ated and once the heart fibrillated, a vent was placed into the left ventricle
via the right superior pulmonary vein.
On reaching the goal nasopharyngeal temperature, the pump was
switched off and the patient was drained. The dissected aorta and the pri-
mary tear were resected. In patients with an intimal tear in the arch or prox-
imal descending thoracic aorta, the transverse arch was replaced.
Otherwise, a hemiarch replacement was performed.
In patients in whom right axillary artery cannulation was performed, the
innominate artery was clamped proximally and cerebral perfusion was initi-
ated at 18Cat a rate of 10mL/kg/min tomaintain the right radial pressure be-
tween 50 and 60 mm Hg. In patients who had femoral cannulation or direct
aortic cannulation, cerebral protectionwasachievedeitherbyantegrade perfu-
sion through the innominate artery at similar flow rates, or retrograde perfu-
sion via the superior vena cava. When unilateral antegrade cerebral
perfusion was used, this was done through the innominate artery to perfuse
the right common carotid artery. The left common carotid artery and the left
subclavian artery were occluded with tourniquets during antegrade cerebral
perfusion. Bilateral antegrade cerebral perfusionwas used rarely. On comple-
tion of the circulatory arrest period, deairing was performed, CPB was
resumed at full flow rates and systemic rewarming was initiated.
In most cases, cardioplegia was not given until after completion of the
distal aortic anastomosis. At that point, myocardial arrest was achieved
with cold blood cardioplegia delivered in an antegrade manner in most
of the patients and retrograde cardioplegia in a minority. There was a trend
toward higher use of combined antegrade and retrograde cardioplegia in the
PH group compared with the MH group (11.3% and 4%, respectively,
P ¼ .3). During the rewarming period, proximal aortic procedures as
well as any coronary or valve interventions were completed. After separa-
tion from CPB, heparin was neutralized with protamine sulfate (1 mg/100
U of heparin). During the timeframe of this study, there were multiple anti-
fibrinolytics used, including ε-aminocaproic acid, tranexamic acid, and
aprotinin. Data specifically on aprotinin usewere not available for analysis.
Statistical Analysis
Statistical analyses were performed using SPSS 19 (IBM, Somers, NY).
Univariate analyses were performed with the c2 or Fisher exact test for cate-
gorical variables, Student t test for normally distributed continuous variables,
and the Mann-Whitney test for continuous variables with nonparametric dis-
tribution. Data are presented as medians with interquartile ranges (IQR) or
means with standard deviations. Variables with a univariate P<.25 or those
of known clinical importance were submitted to the final multivariable step-
wise logistic regression model to calculate factor-adjusted odds ratios (ORs).
The following 26 variables (Tables 1 and 2) were considered as potential
confounders and accounted for in the stepwise multivariable model: age
(years), gender, hypertension, diabetes mellitus, angina, preoperative
hemodynamic instability (shock), preoperative kidney injury, congestive
heart failure, left ventricular function, peripheral vascular disease,
chronic obstructive pulmonary disease, myocardial infarction, transient
ischemic attack or stroke, era of surgery, DeBakey type (I vs II),diovascular Surgery c Volume 148, Number 6 2889
TABLE 1. Clinical characteristics in 128 patients undergoing acute
AAD repair
Variable
Moderate
hypothermia
Profound
hypothermia
P
value
Number of patients 75 53
Age (y  SD) 60.6  14.3 60.5  12 .95
70 y and older, n (%) 21 (28) 14 (26.4) .76
Mean BSA, m2  SD 1.89  0.54 1.93  0.23 .63
DeBakey type, n (%)
I 62 (82.6) 51 (96.2) .02
II 13 (17.3) 2 (3.8)
Female, n (%) 21 (28) 13 (24.5) .66
Diabetes mellitus, n (%) 7 (9.3) 4 (7.5) .72
Hypertension, n (%) 44 (58.7) 34 (64.2) .33
Hyperlipidemia, n (%) 20 (26.7) 11 (20.8) .42
Angina, n (%)
Stable 6 (8) 3 (5.7) .93
ACS 10 (13.3) 7 (13.2)
Shock, n (%) 21 (28) 15 (28.3) .70
Congestive heart failure, n (%) 39 (29.3) 18 (34) .36
LVEF, n (%)
40% 70 (93.3) 47 (88.7) .35
<40% 5 (6.7) 6 (11.3)
Preoperative stroke/TIA, n (%) 8 (10.7) 7 (13.2) .21
Preoperative AKI, n (%) 4 (5.3) 10 (18.9) .02
Mesenteric/limb malperfusion,
n (%)
5 (6.7) 6 (11.3) .30
Mesenteric 2 (2.7) 3 (5.7) .39
Limb 3 (4) 4 (7.5) .4
Peripheral vascular disease,
n (%)
11 (14.7) 8 (15.1) .57
COPD, n (%) 2 (2.7) 0 .34
Marfan syndrome, n (%) 4 (5.3) 2 (3.8) .30
Preoperative hemoglobin,
g/L  SD
126  11 128  15 .50
Era of surgery, n (%)
1990-1999 (n ¼ 62) 34 (54.8) 28 (45.2)
2000-2010 (n ¼ 66) 34 (65.2) 23 (34.8)
SD, Standard deviation; BSA, body surface area; ACS, acute coronary syndrome;
LVEF, left ventricular ejection fraction; TIA, transient ischemic attack; AKI, acute
kidney injury; COPD, chronic obstructive pulmonary disease.
TABLE 2. Operative and postoperative details in 128 patients
undergoing acute type A aortic dissection repair
Variable
Moderate
hypothermia
(n ¼ 75)
Profound
hypothermia
(n ¼ 53)
P
value
Operative data
Arterial cannulation, n (%)
Femoral 50 (66.7) 47 (88.7) .03
Axillary 12 (16) 4 (7.5)
Direct aortic 13 (17.3) 2 (3.8)
Cerebral perfusion, n (%)
Antegrade 15 (20) 7 (13.2) .2
Retrograde 43 (57.3) 30 (56.6) .4
CPB time (min) .03
Mean  SD 159  71 174  60
Median (IQR) 140 (109-190) 160 (130-191)
Crossclamp time (min) .4
Mean  SD 90  59 89  44
Median (IQR) 75 (51-120) 81 (58-115)
Circulatory arrest (min) .06
Mean  SD 25  13 29  15
Median (IQR) 23 (19-31) 29 (22-35)
Lowest systemic temperature (C) 24  1.8 18  0.5 .001
Cardioplegia technique, n (%)
Antegrade 63 (84) 41 (77.4) .3
Retrograde 9 (12) 6 (11.3)
Both 3 (4) 6 (11.3)
RAA, n (%)
RAAwith AV preservation 54 (72) 38 (71.7) .7
Composite aortic root 21 (28) 15 (28.3)
Total arch replacement, n (%) 7 (9.3) 8 (15.1) .2
Concomitant CABG, n (%) 9 (12) 9 (17) .3
Postoperative data
Postoperative hemoglobin,
g/L  SD
102  11 99  12 .4
pRBC transfusion, units  SD 5.7  6.0 7.0  6.0 .04
Mean  SD and median (IQR) 5 (2-7) 7 (5-8)
Median ventilation, h (IQR) 31 (13-72) 49 (17-73) .5
Median ICU stay, h (IQR) 86 (46-144) 130 (53-154) .04
Median hospital stay, d (IQR) 10 (7-19) 11 (6-20) .7
CPB, Cardiopulmonary bypass; SD, standard deviation; IQR, interquartile range;
RAA, replacement of ascending aorta; AV, aortic valve;CABG, coronary artery bypass
graft; pRBC, packed red blood cells; ICU, intensive care unit.
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Dconcomitant coronary artery bypass graft, concomitant transverse arch
procedure, concomitant aortic root procedure, cannulation strategy,
cerebral perfusion strategy, surgeon, duration of circulatory arrest
(minutes), mesenteric/limb malperfusion, blood transfusion, cardioplegia
technique, and degree of hypothermia (PH vs MH). CPB time was
included in the model but there was a high correlation between CPB
time and circulatory arrest time resulting in collinearity as indicated by a
high variance inflation factor for both variables when they were included
together in the same model. Therefore, we dropped the CPB variable
from the final model to avoid collinearity. However, because CPB time is
a potential confounder of the composite outcome, we created a second
multivariable model that includes CPB time. CPB did not emerge as an
independent predictor of the composite outcome.
Model discrimination was evaluated by the area under the receiver oper-
ator characteristic curve, and calibration was assessed with the Hosmer-
Lemeshow goodness-of-fit statistic. Model validation was performed
with bootstrapping (1000 samples). The model was evaluated for multicol-
linearity using the variance inflation factor.2890 The Journal of Thoracic and Cardiovascular SurRESULTS
Patient Characteristics
Between 1990 and 2010, 75 and 53 patients underwent
repair of AAD under hypothermic circulatory arrest (CA)
using MH and PH, respectively. Over the duration of the
study, evaluated by era (1990-1996, 1997-2003, and 2004-
2010), the proportion of patients undergoing surgery with
MH steadily increased (Figure 1).
Baseline patient characteristics are listed in Table 1.
Therewas a greater proportion of DeBakey type I dissection
(96.2% vs 83.3%, P<.02) and lower proportion of type II
dissection (3.8% vs 16.7%) in the PH versus the MH
groups. Also, there was a greater prevalence of preoperativegery c December 2014
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FIGURE 1. Hypothermia strategy and arterial cannulation trends for
acute type A aortic dissection repair (1990-2010).
FIGURE 2. Primary outcomes for 128 patients after acute type A aortic
dissection repair. LCOS, Low cardiac output syndrome.
FIGURE 3. Postoperative complications for 128 patients after acute type
A aortic dissection repair.MI, Myocardial infarction; RF, renal failure; SI,
sternal infection; PPM, permanent pacemaker; AF, atrial fibrillation.
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Dacute kidney injury in the PH cohort (18.9% vs 5.3%,
P< .02). Twenty-eight percent of patients in each group
were hemodynamically unstable at presentation. There
were no other differences in patients’ preoperative charac-
teristics including age, gender, and history of diabetes or hy-
pertension. There was no difference between groups in left
ventricular ejection fraction, preoperative shock, or a his-
tory of congestive heart failure.
Perioperative and Postoperative Results
Intraoperative variables and postoperative in-hospital
outcomes are shown in Table 2.
Axillary and direct aortic cannulation were more preva-
lent in the MH group (33.9% vs 11.1%, P ¼ .01) and
femoral cannulation was used in the remaining patients.
Over time, the prevalence of femoral cannulation
decreased, whereas the prevalence of axillary cannulation
increased (Figure 1). There was no statistically significant
difference between the MH and PH groups in the use of an-
tegrade cerebral perfusion and only a minority of patients in
this cohort underwent antegrade cerebral perfusion. How-
ever, because the rate of antegrade cerebral perfusion was
approximately 60% higher in the MH group, the potential
confounding effect of this variable was accounted for in
the multivariable analysis.
The duration of CAwas 25  13 and 29  15 minutes in
the MH and PH groups, respectively (P ¼ .06).
The composite outcome of mortality and major adverse
cardiac (LCOS) or cerebrovascular events (stroke) wasThe Journal of Thoracic and Carmarkedly higher in the PH group (52.8% vs 24%,
P<.001) (Figure 2). Differences betweengroups in all 3 com-
ponents of this composite outcome were noted. The compos-
ite end point of death or strokewas 24% (18 of 75) and 39.6%
(21 of 53) in the MH and PH groups, respectively (P¼ .042).
Notably, only a third of all patients who received ino-
tropes satisfied a diagnosis of LCOS and mortality among
these patients was high (30%) compared with patients
who required inotropic support but did not satisfy the defi-
nition of LCOS (mortality, 12%). There were no statisti-
cally significant differences in other outcomes including
myocardial infarction, renal failure, sepsis, or atrial fibrilla-
tion, although higher trends that might carry some clinical
significance were noted in the PH group (Figure 3).
Resource Use
Red blood cell transfusion requirements were higher in
the PH group (7.0  6.0 vs 5.7  6.0 units per patient;
P ¼ .04) and the mean intensive care unit (ICU) stay was
longer (130 vs 86 hours, P ¼ .04). There was no difference
in overall hospital stay (Table 2).
Predictors of the Composite Outcome
By multivariable analysis (C statistic¼ 0.80), PH was an
independent predictor of the composite outcome (OR, 7.6;
95% confidence interval [CI], 3-21). This effect of PH
was independent of cannulation technique, cerebral perfu-
sion strategy, CA time, era of surgery, operating surgeon,
DeBakey type of aortic dissection, and extent of surgicaldiovascular Surgery c Volume 148, Number 6 2891
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included in the model (26 variables). Preoperative shock
(OR, 3.5; 95% CI, 1.3-10) was also an independent predic-
tor of the composite outcome. There was no evidence of
multicollinearity in the model and the model was validated
with bootstrapping (1000 samples).
Outcomes in Elderly Patients
Twenty-seven percent (n ¼ 35) of the patients in this
cohort were 70 years or older. The distribution of elderly pa-
tients (70 years) was similar in the MH and PH groups
(28% and 26.4%, respectively).
There was no significant difference between the elderly
(70 years) and the younger group in mortality (17.1%
vs 22.6%, P¼ .3) or LCOS (14.3% vs 14%, P¼ .7). How-
ever, there was a significantly higher rate of stroke in elderly
patients (28.6% vs 9.7%, P ¼ .01). Age greater than 70
years emerged as an independent predictor of stroke (OR,
3.8; 95% CI, 1.4-10.6).
Cause of Mortality
The mortality in the overall cohort was 21.1% (27 pa-
tients). The most common mode of death was cardiogenic
shock with multiorgan failure (44.4%, n ¼ 12). Other
causes of death included massive stroke and brain death
(18.5%, n ¼ 5), massive bleeding (7.4%, n ¼ 2), cardiac
arrest (7.4%, n ¼ 2), septic shock (7.4%, n ¼ 2), and other
causes (14.8%, n ¼ 4), which included ruptured thoracic
aneurysm (n ¼ 1), massive pulmonary embolism (n ¼ 1),
mesenteric ischemia and sepsis (n ¼ 1), and intraoperative
death due to inability to separate from CPB (n ¼ 1).
DISCUSSION
In this study, 2 strategies of cooling (PH and MH) to
repair AAD in a single center over 2 decades were
compared. The composite outcome of death, stroke, and
LCOS was higher in the PH group than the MH group
(51% and 24%, respectively; P< .001). The prevalence
of mortality was almost 2-fold higher in the PH group
compared with the MH (28% and 16%, respectively;
P ¼ .07). Similarly, the risk of stroke with persistent neuro-
logic deficit was 21% versus 13% in the PH and MH
groups, respectively. The prevalence of LCOS was 5-fold
higher in the PH group than in the MH group (26% and
5%, respectively; P< .001). The high risk of mortality
and morbidity associated with repair of AAD in our study
is consistent with a recent report from the IRAD group in
which an overall mortality of 25% was reported.3
The safety of DHCA was confirmed by several groups
over the past 2 decades. Elefteriades and colleagues, Griepp
and associates, and several other groups reported good re-
sults with use of DHCAwith or without adjunctive cerebral
perfusion.2,4-9 However, several studies have reported
detrimental effects of PH compared with MH.14-202892 The Journal of Thoracic and Cardiovascular SurProfound hypothermia is associated with longer durations
of CPB because of the longer cooling and rewarming
periods, with a potential increase in the risk of ischemic-
reperfusion injury.14,15,17 This may explain the higher
prevalence of LCOS with PH in our study. Maganti and
colleagues21 found CPB time to be an independent predictor
of LCOS. Similarly, Halkos and colleagues11 found a longer
CPB time with DHCA compared with moderate hypother-
mic CA in patients undergoing proximal aortic surgery
including surgery for type A dissection. They attributed
the higher incidence of renal failure and pulmonary compli-
cations in the PH group to the longer CPB time. In their
study, duration of CPB was an independent predictor of
mortality. Moreover, the incidence of postoperative intra-
aortic balloon pump use was higher in the PH group
compared with the MH group in their study (13.6% vs
6.3%, P ¼ .06).
Postoperative LCOS in our study was associated with an
unadjusted 40% risk of mortality and a marked increase in
morbidity and resource use. The poor prognosis with LCOS
is not unique to patients undergoing repair of AAD. LCOS
was associated with a 30-fold increase in mortality in pa-
tients undergoing isolated mitral valve surgery21 and 38-
fold increase in mortality in patients undergoing isolated
aortic valve surgery.22
In addition, blood transfusion requirements were signifi-
cantly lower in the MH group than in the PH group in our
study. Similarly, Zierer and colleagues10 found a marked
reduction in mean chest tube drainage, CPB time, and
ICU time in patients undergoing MH compared with deep
hypothermia.10
The prevalence of stroke tended to be lower in the MH
group in our study, but this difference did not reach sta-
tistical significance. Leshnower and colleagues,12 in a
retrospective review of the Emory Aortic Database,
compared 277 patients undergoing elective hemiarch
replacement at a temperature of 28C (mild hypothermia)
and 233 patients at a temperature of 24C (MH). The
incidence of permanent neurologic deficit was signifi-
cantly reduced in patients after mild (2.5%) versus mod-
erate hypothermia (7.2%, P ¼ .01), which was confirmed
by the propensity score analysis (adjusted OR, 0.28;
P ¼ .02). In addition, several other studies reported detri-
mental neurologic outcomes associated with DHCA
including the risk of neuronal apoptosis.17,18,23-25 In
contrast, Gega and colleagues7 recently reported the
safety and efficacy of DHCA as the sole means of
cerebral protection in 394 consecutive patients and full
preservation of cognitive abilities was found in patients
with high cognitive needs.8
Although PH increases the duration of CPB, postopera-
tive bleeding, blood transfusion, generalized endothelial
dysfunction, neuronal apoptosis, and postoperative pulmo-
nary complications,14-18 MH may not provide adequategery c December 2014
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under prolonged duration of CA. Khaladj and colleagues26
compared moderate (30C) and deep hypothermia (20C) in
an animal model and reported higher levels of circulating
lactate during reperfusion, indicating less effective organ
protection at 30C than at 20C. However, in their study,
the CA time was 60 minutes, which is high compared
with our study andmost reported series. With prolonged cir-
culatory arrest times of 45 minutes or longer, mild or mod-
erate hypothermia may not be safe without adjunctive
SACP as the linear relationship between neurologic deficit
and duration of CA increases steeply after 50 minutes of
CA.27 The use of adjunctive SACP increases the safe dura-
tion of CA under a mild to moderate degree of
hypothermia.14,28
Only 4% of the patients in this study had extended CA
times of 45 minutes or more. Therefore, drawing conclu-
sions with regard to the use of deep hypothermia or moder-
ate hypothermia in patients requiring prolonged CA and
specifically regarding the protection of vulnerable organs,
particularly the spinal cord, is not possible from our data.
We believe that nasopharyngeal temperature provides the
closest approximation to brain temperature. Stone and col-
leagues29 examined the accuracy of various temperature
monitoring sites compared with a brain probe inserted
into the cerebral cortex. Eight other body temperatures
were monitored simultaneously including nasopharyngeal
and bladder temperature. At the time of CA, nasopharyn-
geal, esophageal, and pulmonary artery mean temperatures
were within 1C of brain temperature with smaller mean
differences than temperatures at the tympanic membrane,
bladder, rectum, and other sites. Bladder temperature often
lagged substantially behind nasopharyngeal temperatures
by approximately 5C and thus was slightly warmer during
the cooling phase and significantly cooler during the warm-
ing phase.
Our study has limitations. First, this is an observational
single-center retrospective study, which makes it suscepti-
ble to inherent selection and information biases. However,
the prospective nature of the data collection and the low
rate of missing data (<5%) add strength to the internal
validity of our study. Second, our conclusion in this study
relies heavily on statistical methods to eliminate biases in
patient selection and treatment, and the results should be
interpreted with consideration of this limitation. We used
logistic regression analysis with bootstrapping to account
for confounders. Although the multivariable analysis can
account for known confounders that are included in the
model, it does not account for unknown confounders.
Third, despite controlling for all the known confounders
including the era of surgery, the effect of time is a poten-
tial confounder that may not have been adequately
controlled in this study. In addition, our results do not
imply causality as many unknown and subtle changes inThe Journal of Thoracic and Carperioperative management may have been associated
with the improved results found with moderate hypother-
mia.30 Nonetheless, our operative techniques and postop-
erative management were fairly similar in both groups
(PH and MH).
In summary, this study compared PH and MH in repair of
AAD and accounted for the confounding effect of cerebral
perfusion strategies, cannulation techniques, and other con-
founders. PH was an independent predictor of the compos-
ite outcome of death, stroke, and LCOS. This effect of PH
was independent of cannulation technique, cerebral perfu-
sion strategy, CA time, era of surgery, surgeon, and the
extent of dissection and surgical repair, among other con-
founders included in the model (26 variables). Use of mod-
erate hypothermic CA avoids the detrimental effect of PH
without an increase in the risk of neurologic injury in this
study. Further studies are warranted to compare MH versus
PH in repair of AAD.References
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In this issue of the Journal of Thoracic and Cardiovascular
Surgery, Algarni and colleagues1 report improved outcomes
with moderate hypothermic circulatory arrest (22C-28C)
in 75 patients undergoing acute ascending aorta dissection.
Readers should be interested in this article because it
directly compares outcomes of that group with 53 patients
treated with profound hypothermic circulatory arrest(<20C). The enlightened reader, however, will identify
3 areas of concern in this article: composite end points,
surrogate variables, and overly exuberant statistical
prowess.
Algarni and colleagues1 used a composite end point to
increase the power of their study because the sample size
was limited. This technique may be of dubious value
here.2 Death is death; but there are different grades of stroke
and low cardiac output syndrome. No definition of stroke is
given in the study; the definition of low cardiac output
syndrome may be too encompassing. Intra-aortic balloon
pump therapy is one extreme end of the spectrum (ie,
mechanical support); the need for inotropic support to
maintain systolic blood pressure greater than 90 mm Hg
and cardiac index greater than 2.2 L/min/m2 may represent
the other end.
Operation for acute ascending aorta dissection is associ-
ated with a significant risk of complications including
bleeding, stroke, and death. The associated morbidity
andmortality is related not just to the pathology of the dissec-
tion but also to the repair of the dissection with hypothermic
circulatory arrest. In this article, temperature strategy is the
main focus. That strategymisses the mark, however; becausegery c December 2014
